We have synthesized ternary and quaternary diluted II-VI oxides using the combination 
INTRODUCTION
Group II-O-VI alloys belong to a new class of semiconductor alloys in which the anions are partially replaced by highly electronegative isoelectronic O atoms. As expected these alloys have properties similar to the extensively studied group III-N-V alloys [1] [2] [3] [4] [5] [6] [7] [8] . The electronic band structure of such Highly Mismatched Alloys (HMAs) is determined by an anticrossing interaction between localized states of O or N and the extended states of the semiconductor matrix. The interaction splits the conduction band into two nonparobolic subbands (E_ and E + ) [9] [10] [11] . The large modification of the electronic band structure profoundly affects the optical and electrical properties of these alloys. Thus it has been shown that incorporation of small amount of N leads to a large reduction of the fundamental band gap [1] [2] [3] [4] [5] [6] [7] [8] , increase of the electron effective mass [12] , improved donor activation efficiency of the group VI donors [13, 14] and the mutual passivation of the group IV donors and the nitrogen [15] [16] [17] [18] . Although similar or even more pronounced effects are also expected in II-O-VI HMAs [10] , much less work has been done on these materials because of the difficulties in the synthesis of the alloys with large enough O content [19, 20] .
Recently we have reported on the successful synthesis of Cd 1-y Mn y O x Te 1-x alloys by oxygen implantation into Cd 1-y Mn y Te crystals followed by rapid thermal annealing (RTA) [21] . We observed a large decrease in the band gap for crystals with y > 0.02 due to the incorporation of O. Using the band anticrossing model (BAC) we estimated that the substitutional O content (i.e., x) in the Cd 0.8 Mn 0.2 O x Te 1-x alloys formed by O + -implantation is ~0.0013 and 0.0024 for 2.7 and 5.4% of implanted O, respectively. This corresponds to an "activation" efficiency (i.e., ratio of the O ions occupying substitutional Te sites to the total implanted O) of only about 5%. Moreover, no reduction in the band gap was observed for samples without Mn (y=0). It was argued that Mn is needed to stabilize incorporation of substitutional O possibly through the formation of relatively strong Mn-O bonds [21] .
In a recent report, we have demonstrated that pulsed laser melting (PLM) followed by rapid thermal annealing greatly enhanced incorporation of substitutional N in N + -implanted GaAs [22, 23] . Films implanted to 1.8% N exhibited a fundamental band gap of 1.26eV (a band gap reduction of 160meV), corresponding to an N activation efficiency of 50%. The optical and crystalline quality of the synthesized film is comparable to GaN x As 1-x thin films of similar composition grown by epitaxial growth techniques. Compared to films produced by N + implantation and rapid thermal annealing only, the introduction of pulsed laser annealing improved N incorporation by a factor of five [24] .
Pulsed laser melting (PLM) of ion implanted Si and GaAs was studied extensively in the 1970s and 1980s [25, 26] . It involves the absorption of laser radiation, melting of the implant-damaged or amorphized, and its subsequent rapid epitaxial regrowth.
Epitaxy is seeded at the solid-liquid interface by the crystalline bulk in a manner very similar to liquid phase epitaxy (LPE) but with the whole process occurring on a much shorter time scale, typically between 10 -8 -10 -6 second. It was shown that using the PLM method amorphous layers of GaAs formed by high dose implantation can be regrown into nearly perfect single crystals with electrical activities of dopants well above those achievable by furnace annealing [26] . Due to the rapid recrystallization rate, this approach is very effective for incorporating impurities to levels well above the solubility limit. In addition to GaN x As 1-x , synthesis of diluted ferromagnetic Ga 1-x Mn x As with Curie temperature as high as 80K using the PLM process has recently been demonstrated [27] . In this paper we report our systematic investigation of the synthesis of II-O x VI 1-x layers using O ion implantation followed by pulsed laser melting in a large variety of II-VI single crystal substrates, including CdTe, CdMnTe, ZnTe and ZnMnTe. implanted layers on the crystals were pulsed-laser melted in air using a KrF laser (λ= 248 nm) with a FWHM pulse duration ~38 ns. After passing through a multi-prism homogenizer, the energy fluence at the sample ranged between 20 and 300 mJ/cm 2 .
EXPERIMENTAL
Some of the samples were rapid thermally annealed after the PLM process at temperatures between 300 and 600°C for 10 seconds (RTA) in flowing N 2 .
The band gap of the synthesized layers was measured using photomodulated reflectance (PR) spectroscopy at room temperature. Radiation from a 300W halogen tungsten lamp dispersed by a 0.5m monochromator was focused on the samples as a probe beam. A chopped HeCd laser beam (λ=442 nm or 325nm) provided the photomodulation. PR signals were detected by a Si or Ge photodiode using a phasesensitive lock-in amplification system. The values of the band gap and the linewidth were determined by fitting the PR spectra to the Aspnes third-derivative functional form [28] . This can be attributed to the higher resistance of CdTe (and II-VI alloys in general) to the formation of structural defects due to the more ionic nature of the crystals. than 150 mJ/cm 2 , no band gap reduction was detected. This is consistent with the reported ablation threshold of ~0.12 J/cm 2 for CdTe using a 248nm KrF laser pulse [30] .
The amount of O incorporated in the Te sublattice in CdO x Te 1-x HMAs can be determined using the band anticrossing (BAC) model [9] [10] [11] . As mentioned above, the physical basis for the BAC model is a repulsive interaction between the localized level introduced by the highly electronegative impurities and the extended states of the conduction band of the host. According to the BAC model the dispersion relations for the upper (E + ) and lower (E_) conduction subbands in a IIO x VI 1-x HMAs are given by [9] [10] [11] where E O is the energy of the localized O level, E M (k) is the dispersion relation for the conduction band of the host semiconductor, and C OM is the matrix element describing the coupling between localized O states and the extended states. Photoluminescence spectroscopy (PL) studies in ZnTe have shown that at low, impurity-like concentrations, oxygen forms a localized level in the gap with an energy E O =2.0 eV above the valence band edge [31] . It has been shown previously that the energy of the oxygen level, E O is constant in the absolute energy reference [10] . Therefore with the known band offsets between ZnTe and CdTe the localized O level in CdTe has been determined to be ~1.9
eV above the CdTe valence band maximum [21] .
In the case of II-VI alloys the matrix element C OM was measured in ZnSe x Te 1-x and ZnS y Te 1-y HMAs to be 1 eV [10] . In a recent report, Shan et al. studied the composition and pressure dependence of the electronic band structure of ZnO x Se 1-x alloys ) 1 (
grown by molecular beam epitaxy [20] . By fitting of the optical transitions with the BAC model, they found that the interaction parameter C OM =1.8±0.3 eV for ZnO x Se 1-x . In this work C OM cannot be determined independently because a precise measurement of the fraction of O on the Te sublattice (i.e., x) is not possible. It is, however, believed that the magnitude of this matrix element depends on the electronegativity difference between the matrix anion elements [10] . From the dependence of the C OM in the various II-VI HMA systems on the anion electronegativity difference, we make the reasonable assumption that C OM ≈2.2 eV in CdO x Te 1-x . Notice that this C OM is much smaller than the value (3.5 eV) we used in our previous work [21, 32] . This previous high value of C OM was extrapolated from the matrix elements C NM in III-N-V HMAs (GaN x As 1-x and InN x P 1-x ) and therefore may not apply in II-O-VI systems.
Using the estimated C OM value of 2.2 eV and equation (1) Calculations based on detailed balance theory [33] [34] [35] for this material yield an ideal power conversion efficiency of 45%. This is higher than the ideal efficiency of any solar cell based on a single junction in a single-gap semiconductor and is comparable to the ideal efficiency of a tandem cell (~55%) with two semiconductors of optimal band gaps (0.7 and 1.5 eV) [33] . Fig. 10 
